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FOREWORD

The Old West Regional Commission wishes to express its appreciation for
this report to the Montana Department of Natural Resources and Conservation,
and more specifically to those Department staff members who participated
directly in the project and in preparation of various reports, to Dr. Kenneth A.

Blackburn of the Commission staff who coordinated the project, and to the
subcontractors who also participated. The Yellowstone Impact Study was one
of the first major projects funded by the Commission that was directed at

investigating the potential environmental impacts relating to energy develop-
ment. The Commission is pleased to have been a part of this important research.

George D. McCarthy
Federal Cochairman
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Prefaice

THE RIVER

The Yellowstone River Basin of southeastern Montana, northern Wyoming,

and western North Dakota encompasses approximately 180,000 km2 (71,000 square

miles, 92,200 (35,600) of them in Montana. Montana's portion of the basin

comprises 24 percent of the state's land; where the river crosses the

border into North Dakota, it carries about 8.8 million acre-feet of water per

year, 21 percent of the state's average annual outflow. The mainstem of the

Yellowstone rises in northwestern Wyoming and flows generally northeast to its

confluence with the Missouri River just east of the Montana-North Dakota
border; the river flows through Montana for about 550 of its 680 miles. The
major tributaries, the Boulder, Stillwater, Clarks Fork, Bighorn, Tongue, and

Powder rivers, all flow in a northerly direction. The western part of the

basin is part of the middle Rocky Mountains physiographic province; the
eastern section is located in the northern Great Plains (Rocky Mountain
Association of Geologists 1972).

THE CONFLICT

Historically, agriculture has been Montana's most important industry. In

1975, over 40 percent of the primary employment in Montana was provided by

agriculture (Montana Department of Community Affairs 1976). In 1973, a good

year for agriculture, the earnings of labor and proprietors involved in

agricultural production in the fourteen counties that approximate the
Yellowstone Basin were over $141 million, as opposed to $13 million for
mining and $55 million for manufacturing. Cash receipts for Montana's
agricultural products more than doubled from 1968 to 1973. Since that year,
receipts have declined because of unfavorable market conditions: some
improvement may be in sight, however. In 1970, over 75 percent of the
Yellowstone Basin's land was in agricultural use (State Conservation Needs
Committee 1970). Irrigated agriculture is the basin's largest water use,
consuming annually about 1.5 million acre-feet (af) of water (Montana DNRC

1977).

There is another industry in the Yellowstone Basin which, though it con-
sumes little water now, may require more in the future, and that is the coal

development industry. In 1971, the North Central Power Study (North Central
Power Study Coordinating Committee 1971) identified 42 potential power plant
sites in the five-state (Montana, North and South Dakota, Wyoming, and

Colorado) northern Great Plains region, 21 of them in Montana. These plants,
all to be fired by northern Great Plains coal, would generate 200,000 megawatts
(mw) of electricity, consume 3.4 million acre-feet per year (mmaf/y) of water,
and result in a large population increase. Administrative, economic, legal,



and technological considerations have kept most of these conversion facilities,
identified in the North Central Power Study as necessary for 1920, on the
drawing board or in the courtroom. There is now no chance of their being
completed by that date or even soon after, which will delay and diminish the
economic benefits some basin residents had expected as a result of coal
development. On the other hand, contracts have been signed for the mining
of large amounts of Montana coal, and applications have been approved not
only for new and expanded coal mines but also for Colstrip Units 3 and 4,
twin 700-mw, coal-fired, electric generating Dlants.

In 1975, over 22 million tons of coal were mined in the state, up from
14 million in 1974, 11 million in 1973, and 1 million in 1969. By 1980, even
if no new contracts are entered, Montana's annual coal production will exceed
40 million tons. Coal reserves, estimated at over 50 billion economically
strippable tons (Montana Energy Advisory Council 1976), pose no serious con-
straint to the levels of development projected by this study, which range
from 186.7 to 462.8 million tons stripped in the basin annually by the year
2000. Strip mining itself involves little use of water. How important the
energy industry becomes as a water user in the basin will depend on: 1) how
much of the coal mined in Montana is exported, and by what means, and 2) by
what process and to what end product the remainder is converted within the
state. If conversion follows the patterns projected in this study, the energy
industry will use from 48,350 to 326,740 af of water annually by the year 2000.

A third consumptive use of water, municipal use, is also bound to

increase as the basin population increases in response to increased employment
opportunities in agriculture and the energy industry.

Can the Yellowstone River satisfy all of these demands for her water?
Perhaps in the mainstem. But the tributary basins, especially the Bighorn,
Tongue, and Powder, have much smaller flows, and it is in those basins that
much of the increased agricultural and industrial water demand is expected.

Some impacts could occur even in the mainstem. What would happen to

water quality after massive depletions? How would a change in water quality
affect existing and future agricultural .industrial , and municipal users?
What would happen to fish, furbearers, and migratory waterfowl that are
dependent on a certain level of instream flow? Would the river be as

attractive a place for recreation after dewatering?

One of the first manifestations of Montana's growing concern for water
in the Yellowstone Basin and elsewhere in the state was the passage of
significant legislation. The Water Use Act of 1973, which, among other
things, mandates the adjudication of all existing water rights and makes
possible the reservation of water for future beneficial use, was followed
by the Water Moratorium Act of 1974, which delayed action on major
applications for Yellowstone Basin water for three years. The moratorium,
by any standard a bold action, was prompted by a steadily increasing rush of

applications and filings for water (mostly for industrial use) which, in two
tributary basins to the Yellowstone, exceeded supply. The DNRC's intention
during the moratorium was to study the basin's water and related land
resources, as well as existing and future need for the basin's water, so that



the state would be able to proceed wisely with the allocation of that water.

The study which resulted in this series of reports was one of the fruits of

that intention. Several other Yellowstone water studies were undertaken

during the moratorium at the state and federal levels. Early in 1977, the

45th Montana Legislature extended the moratorium to allow more time to con-

sider reservations of water for future use in the basin.

THE STUDY

The Yellowstone Impact Study, conducted by the Water Resources Division

of the Montana Department of Natural Resources and Conservation and financed

by the Old West Regional Commission, was designed to evaluate the potential

physical, biological, and water use impacts of water withdrawals and water

development on the middle and lower reaches of the Yellowstone River 3asin in

Montana. The study's plan of operation was to project three possible levels

of future agricultural, industrial, and municipal development in the

Yellowstone Basin and the streamflow depletions associated with that develop-

ment. Impacts on river morphology and water quality were then assessed,
and, finally, the impacts of altered streamflow, morphology, and water
quality on such factors as migratory birds, furbearers, recreation, and

existing water users were analyzed.

The study began in the fall of 1974. By its conclusion in December of

1976, the information generated by the study had already been used for a

number of moratorium-related projects—the EIS on reservations of water in

the Yellowstone Basin, for example (Montana DNRC 1976). The study resulted

in a final report summarizing all aspects of the study and in eleven

specialized technical reports:

Report No. 1 Future Development Projections and Hydrologic Modeling in

the Yellowstone River Basin, Montana.

Report No. 2 The Effect of Altered Streamflow on the Hydrology and

Geomorphology of the Yellowstone River 3asin, Montana.

Report No, 3 The Effect of Altered Streamflow on the Water Quality of

the Yellowstone River Basin, Montana.

Report No. 4 The Adequacy of Montana's Regulatory Framework for Water
Quality Control

Report No. 5 Aquatic Invertebrates of the Yellowstone River Basin,

Montana.

Report No. 6 The Effect of Altered Streamflow on Furbearing Mammals of

the Yellowstone River Basin, Montana.

Report No. 7 The Effect of Altered Streamflow on Migratory Birds of the

Yellowstone River Basin, Montana.



Report No. 8 The Effect of Altered Streamflow on Fish of the

Yellowstone and Tongue Rivers, Montana.

Report Ho. 9 The Effect of Altered Streamflow on Existing Municipal

and Agricultural Users of the Yellowstone River Basin,

Montana.

Report No. 10 The Effect of Altered Streamflow on Water-Based Recreation

in the Yellowstone River Basin, Montana.

Report No. 11 The Economics of Altered Streamflow in the Yellowstone

River Basin, Montana.
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PURPOSE

The purpose of this study was to investigate some of the adverse
effects that a decrease in the accessibility of water, as a result of

reduced flows, would have on the existing municipal and agricultural
water users in the Yellowstone River Basin of Montana.

SCOPE

The study focused on three municipalities that provide potable
water for domestic and industrial uses and on numerous agricultural
water diversions. Presumably, these existing users have valid water
rights which will protect their water from the competition of future
appropriators. But existing uses also could be adversely affected by a

decrease in the accessibility of water. Future diversions extensive
enough to decrease flows could lower the surface elevation of water in

the river channel. Some diversion structures might thereupon require
expensive modification. A lower water-surface elevation at pump intakes
also could affect pumping efficiency, thus increasing the energy cost of

pumping.

The potential changes in accessibility of water and costs of obtaining
it are the subjects of this report.

STUDY AREA

The relationship between the amount of water pumped per kilowatt-
hour (kwh) and accessibility of that water for municipal purposes was
studied for Billings, Miles City, and Glendive. All three cities rely
on water from the Yellowstone River for their municipal water systems.

Four pumping and twelve gravity-irrigation diversions within the
Yellowstone basin also were examined to determine the effects of reduced
streamflows.
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MUNICIPAL WATER SYSTEMS

Billings, Miles City, and Glendive draw their municipal water
supplies directly from the Yellowstone River (see figure 1). Before

being pumped into the treatment plant proper, water pumped by low-

service pumps under 10 to 30 ft (3 to 10m) of head enters into pre-

settlement basins.

Data collected at the three municipal sites consisted of the number

of kilowatt-hours (kwh) of electricity used by the municipal plants, the

total amounts of water pumped from the river, and cost of chemical water
treatment. The data collected for recent years reflect present water-

use rates, existing pump and motor efficiencies, present needs, and

future trends. The periods of data collection were: Billings, 1971-75;

Miles City, 1974; and Glendive, 1973-75.

Streamflow data were collected at each municipal pump site. Monthly
streamflow data for the Yellowstone River at Billings were taken from

the USGS stream-gaging station at Billings. Daily streamflows for the

municipal water supply plant at Miles City were determined by subtracting
streamflows recorded at the USGS station on the Tongue River at Miles

City from the streamflow records for the USGS station on the Yellowstone
River at Miles City. Monthly streamflows for the Yellowstone River at

Glendive were determined by adding streamflow data from the USGS stream-
gaging station on the Yellowstone River near Sidney to the flows diverted
by the Lower Yellowstone Canal at Intake. (USDI 1971-74).

For each of the municipal systems, an attempt was made to correlate
the river elevation and the number of gallons of water pumped per kwh of

power consumed by the system. The attempt relied on monthly historical
data on electrical consumption and average river stage during those
months. The results appear in tables 1, 2, and 3.

Although they are based on accurate data and are consistent with
the sensible notion that projected pumping costs would increase as the
river level declined, the results presented in these tables are not
conclusive of the effects of river-surface elevation on pumping costs.
There are several reasons why the data fail to demonstrate the presumed
effect.

First, the power consumption of the low-service pumps that handle
the initial withdrawal at each of the plants is not metered separately
and therefore forms an unknown part of the total plant electrical con-
sumption which was measured. Total plant electrical consumption, in

turn, varies not only with the volume of water pumped (an effect taken
into account in the tables) but also with the turbidity of the intake
water, the variation in pumping head from the level at which the pumps
are most efficient, and other factors that vary month to month.



Second, a 2- or 3-foot (half to one meter) change in water-surface
elevation of the river (affecting low-service funds only) is a minor
factor in total plant electrical consumption when the water plant's
high-service pumps may be working to lift water additional hundreds of
feet. (Note the complete facilities of the Billings water-treatment
plant illustrated in figure 2.)

Finally, the historical data used to demonstrate the correlation
between average monthly river-surface elevation and pumping costs fail

to take into account that, within an average month, actual river levels
may vary widely and cause changes in pumping plant efficiency that would
not appear if the elevation were constant.

For all of these reasons, despite the conclusions indicated in

tables 1, 2, and 3, it is unknown whether decreased river flows would
have a significant effect on pumping costs at water-treatment plants in

Billings, Miles City, and Glendive.

For this study, the cost of the electricity was assumed to remain
the same for each projected level of development.

IRRIGATION SYSTEMS

The four pumping and twelve gravity irrigation diversions shown in

figure 1 were examined for the effect of lowered streamflow on each
diversion. (Appendix B contains detailed maps of the diversions.)

Because they are in a part of the Yellowstone River drainage where
lowered streamflows would occur, four irrigation pumping diversions were
selected: Kinsey No. 7, Sidney No. 1, Sidney No. 2, and Sidney No. 3.

(The numbers refer to the numbering system for irrigation diversions
determined by the Yellowstone Impact Study team.) The three Sidney
pumping plants are located on the Yellowstone River near Sidney; Kinsey
No. 7 is near Kinsey. Information concerning the pumps, sump detail,
water use, and power use for these sites was easily accessible.

Three of the gravity diversions selected for study (Forsyth No. 11,

Tongue and Yellowstone No. 8, and Intake No. 4) have dams that extend
the entire width of the river. They are the major gravity diversions in

the Lower Yellowstone Basin. Forsyth No. 11 is a concrete and rock dam
across the Yellowstone River at Forsyth. Tongue and Yellowstone (T & Y)

No. 8 is a concrete diversion dam across the Tongue River south of Miles
City, and Intake No. 4 is a concrete and rock diversion dam across the
Yellowstone River at Intake.

Cross sections of the river were surveyed, and a computer program
was used to calculate water-surface profile at each cross section. Six
cross sections were surveyed for most of the diversions studied: four
below, one at, and one above each diversion. The cross sections included
the river channel and overbank; they were spaced approximately 750 ft

(230 m) apart. The T & Y No. 8 diversion did not require cross-section
surveys because it is a weir of known design. (The river-stage versus
discharge curve could be developed from the characteristics of the
weir.)

10
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While surveying the cross sections, the water-surface elevation at

each cross section was recorded, and the flow in the river was calculated

for each water-surface elevation. These water-surface profiles and

discharge data were then used to calibrate the river stage versus discharge

relationships computed in the water-surface profile computer program.

Maps locating the cross sections taken at each site are found in

appendix B. (Complete cross section data and stage versus discharge

information for each irrigation diversion, and all pertinent information

concerning the pumping station, diversion dam, and headgates, for each

site are on file with the Montana Department of Natural Resources and

Conservation in Helena.

A cost analysis was made for each irrigation-pumping diversion.

These analyses were successful because power costs for the pumps had

been recorded. Modeling of the river using the State Water Planning

Model with hypothetical levels of future development (appendix A) led to

a regime of altered streamflows (see appendix C). A water-surface
profile program (HY50) then was used to predict a new set of water-
surface profiles for the various levels of development. Costs associated
with these lowered water-surface profiles were calculated from the

stage-discharge relationships for each pump site, assuming a cost of 2.5
mills/kwh. (The Montana Public Service Commission in July 1977 approved
an increase to 10.0 mills/kwh for > 2500 kwh/hp connected.)

Nine other gravity-irrigation diversions (seven near Livingston,
one near Columbus, and one near Huntley) were studied. All of the

canals have minor headgate structures built at the head end (appendix
B). It was assumed that the streamflow rating table for the USGS stream
gaging station near Livingston applied to the river section at all seven
Livingston diversions. Similarly, it was assumed that the rating table
for the Yellowstone River at Billings applied to the diversions near
Columbus and Huntley. Discharges and elevations of the bottoms of the

headgates were measured at each of the diversions.

13
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MUNICIPAL SYSTEMS

Water-use data collected for Billings, Miles City, and Glendive

were tabulated for calculation (appendix D). Attempts were made to

derive gallons pumped per kilowatt-hour. The calculations were inappro-

priate in that the treatment-system pumping requirements were not related

to the river stage, and in-system pumping costs were not separately

identifiable.

BILLINGS

The Billings municipal water plant has two intakes for water from

the Yellowstone River (figure 3). One intake is used during winter
(November through April), and the other is used during June and July.

During the remaining months (May and August through October) both intakes

are used.

The Billings municipal water supply system has no problems getting
water from the river except during winter ice jams (Thomas 1976).

Immediately upstream from the pumping plant the river is divided by

several islands. In ice conditions, ice in the west channel forces
water to the east channel away from the pumping plant intakes. Occasion-
ally, dynamite has been used to remove the ice jams in the west channel.

Table 1 shows the estimated average monthly electrical cost for the

Billings municipal water supply system for the natural flow in the
Yellowstone River. Also shown are calculated costs for projected levels
of development (Billings 1976ab). Streamflow estimates for the various
levels of development are in appendix D.

Based on the three levels of development, and the corresponding
water-surface elevations, the operating costs of the low-service pumps
for the natural flow and for three projected river-surface elevations
are substantially the same.

MILES CITY

Table 2 shows an estimated average monthly cost for treating and

pumping water from the Yellowstone River at the Miles City municipal
water supply system (figure 4). Comparative costs are shown for the
natural streamflow, and for low, intermediate, and high levels of devel-
opment (Miles City 1974). Streamflow estimates at the three levels of

development are presented in appendix D.

The cost data presented in table 2 show that electrical costs could
increase from 4 to 8 percent over costs associated with the natural flow
depending on the development level.
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Department of Highways.

Fiqure 3. Billings municipal water supply svstem.
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TABLE 1. Electrical Cost of Billings municipal water supply system.

MONTH



GLENDIVE

The Glendive pumping plant (figure 5) has had no problems getting
water during low flows in summer because the sump is imbedded in the
river bottom. Ice jams usually do not occur in the river at the pumping
plant site (Wfnchel 1976).

Shown in table 3 are the estimated monthly average costs for elec-
tricity to operate the Glendive municipal water supply system (Glendive
1976). The costs listed reflect streamflows in the Yellowstone River at
Glendive for the natural flow and for the low, intermediate, and high
levels of development. Streamflows for the three levels of development
are presented in appendix D.

TABLE 3. Electrical cost of Glendive municipal water supply system.

MONTH
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IRRIGATION SYSTEMS

PUMPING DIVERSIONS

Kinsey No. 7

The Kinsey No. 7 pump station on the Yellowstone River is operated

by the Kinsey Irrigation Company. The project provides water for 6,200

acres. The pumps at the river had a capacity of 150 cfs in 1948 (Montana

State Engineer's Office 1948a).

Table 4 presents the irrigation pumping cost at Kinsey No. 7 for

each of the projected levels of development at the 50th and 90th percentile

flow values (see Report No. 1 in this series for a discussion of the

percentile flows)

.

Table 5 shows the percentage increases in the pumping cost at

Kinsey No. 7 for the low, intermediate, and high levels of development

as compared to natural river flows.

TABLE 4. Irrigation pumping costs for Kinsey No. 7 (Yellowstone River)

at present and future levels of development (dollars per acre-

foot pumped).
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R1v:' -Jected levels of development compared to natural
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Table 9 shows the percentage increases in pumping cost at Sidney
No. 2 for the low, intermediate, and high levels of development as

compared to natural river flows.

TABLE 9. Percentage increases in pumping cost at Sidney No. 2 (Yellowstone
River) for projected levels of development compared to natural
f 1 ows

.



Table 11 shows the percentage of increase in pumping cost at Sidney
No. 3 for the low, intermediate, and high levels of development as

compared to the natural flows.

TABLE 11. Percentage increases in pumping cost at Sidney No. 3 (Yellowstone
River) for projected levels of development compared to natural
f 1 ows

.



T & Y No. 8 . The irrigation diversion south of Miles City, T A Y

No. 8, diverts water from the Tongue River to the approximately 9,000
acres (2,220 hectares) of the Tongue and Yellowstone River Irrigation
District. Maximum capacity of the diversion works and canal is about
250 cfs (7.08 m3 /s) (Montana State Engineer's Office 1948a).

Intake No. 4 . The Intake diversion, Intake No. 4, provides irri-

gation water for the Lower Yellowstone Irrigation Project. Total
irrigable area for this project 1s about 56,000 acres (13,800 hectares).
The maximum capacity of the diversion is about 1,200 cfs (33.9 m3 /s).

(Montana State Engineer's Office 1970).

Uncontrolled Diversions

It was impracticable during this study to inspect and survey all of

the uncontrolled diversions on the Yellowstone River. The nine ditch

systems selected were representative of the many types of uncontrolled
diversions. These ditch systems, which were studied on October 13,

1976, are near the communities of Livingston, Columbus, and Huntley
(appendix B).

Livingston Ditch . The diversion for this irrigation ditch south of

Livingston 1s on a side channel of the Yellowstone River (figure B-l of

appendix B). A 140-foot (42.7-meter) concrete diversion dam raises the
water level in the channel to provide a higher head on the headgate.
The relative elevation of the diversion crest 1s 89.2 ft (27.2 m)

;

the elevation of the bottom of the headgate is 85.5 ft (26.1 m). Therefore,
water in the side channel always can be diverted into the irrigation
system. Problems with the system would arise if the major flow of the

Yellowstone were to go to the opposite channel.

Vail is Ditch . When the Vallis ditch was studied it was dry; flow

in the Yellowstone River was at a relative elevation of 91.2 ft (27.8
m) and the bottom of the headgate is at 91.6 ft (27.9 m). To divert 2 ft

(.6 m) of water into the headgate, a river elevation of 93.6 ft (28.5
m), i.e., a minimum river flow of approximately 8,000 cfs (226 rrw/s),

is necessary.

Side Ditch . When this ditch was studied the flow into the canal

was only 0.3 ft (.1 m) deep. To divert 2 ft (.6 m) of water into the

canal, a minimum river flow of approximately 6,100 cfs (172 m3/s) is

necessary.

Ditch Ditch . When the Ditch Ditch was studied it was not diverting

water. However, a dike approximately 150 ft (46 m) long had been built

across a side channel to raise the water level and divert it into the

ditch. To divert 2 ft (.6 m) of water into the ditch, a minimum river

flow of approximately 2,500 cfs (70.8 m3/s) is necessary.

Heart K Ditch . When studied, this ditch had approximately 0.24

ft (.07 m) of head at the gate. To divert 2 ft (.6 m) of water into the

ditch, a minimum river discharge of 6,000 cfs (170 m3/s) 1s necessary.

This ditch and the Lower Heart K Ditch are built on a side channel of

the Yellowstone.
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Lower Heart K Dttch . When studied, this ditch had 0.6 ft (.2 m) of
head at the gate. To divert 2 ft (.6 m) of water into the ditch, a

minimum river flow of 5,300 cfs (150 m3/s) is necessary. A landowner in

the area indicated that this particular side channel of the river dries

up in the winter.

Middle Windsor Dttch . The Middle Windsor Ditch has a concrete
diversion dam across a side channel of the Yellowstone River. Flashboards
are used to raise the water level. To divert 2 ft (.6 m] of head in the
ditch, a minimum river flow of 5,600 cfs (158 nr/s) is necessary.

Columbus Ditch . There was 2 ft (.6m) of water at the headgate of
the Columbus Ditch when it was studied. An adequate flow in this ditch
is 3 ft (.9 m). To divert that amount, the river must be flowing a

minimum of 5,000 cfs (141 m3 /s). The Columbus Ditch (figure B-2 of
appendix B) is built on the main channel of the river; some flow splits
into a side channel away from the headgate.

Huntley Ditch . The Huntley Ditch diversion (figure B-3 of appendix
B) has a concrete dam across the Yellowstone River at the head of an
island. A dike has been built across a side channel to force the river
over the concrete dam. Headgates at the diversion upstream from the dam
are built well below the crest of the dam and, therefore, should have no
problem in getting water if the flow of the river continues to be directed
toward the dam.

The Availability of Water for Uncontrolled Diversions . Most of the
uncontrolled, gravity-diversion systems inspected during this study have
problems obtaining sufficient water during times of low streamflows in

the Yellowstone River. Almost all of the headgates are on side channels
of the river. In some cases, a side channel has been diked or a dam has
been built to raise the water to headgate elevation. This tactic seems
to work in the short run, but it probably encourages rechanneling of the
river to the side opposite the diversion.

One water user near Livingston said that the flood in 1974 caused
most of the diversion problems that Livingston-area irrigators have now.
High streamflows caused many shifts in the river channel, he said.

Among possible solutions to these problems are: ensuring adequate
instream flows in the river; channeling the river to direct the flow in

each case toward the headgates; and installing permanent main-channel
diversion dams where necessary to help direct river flow to side-channel
headgates.
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The purpose of this study was to investigate some of the adverse
effects that a decrease in the accessibility of water, as a result of
reduced flows, would have on the existing municipal and agricultural
water users in the Yellowstone River Basin.

Studied were three municipalities and numerous agricultural diversions.

Presumably, these existing users have valid water rights which will

protect their water from the competition of future appropriators. But

existing uses also could be adversely affected by a decrease in the
accessibility of water. Future diversions extensive enough to decrease
flows could lower the surface elevation of the water in the river channel.
Some diversion structures might thereupon require expensive modification.
A lower water-surface elevation at pump intakes also could affect pumping
efficiency thus increasing the energy cost of pumping.

MUNICIPAL WATER SYSTEMS

Billings, Miles City, and Glendive draw their municipal water
supplies directly from the Yellowstone River. Before being pumped into
the treatment plant proper, water pumped by low-service pumps under 10

to 30 (3 to 10 m) of head enters presettlement basins.

Data collected at the three municipal sites consisted of kilowatt-
hours used by the municipal plants, total water pumped from the river,
chemical water-treatment costs and streamflow data. For each of the
municipal systems, an attempt was made to correlate the river water
surface elevations and the number of gallons of water pumped per kwh.
Results were inconclusive.

For all hypothetical future levels of development of the river an
altered streamflow led to an altered water-surface elevation which did
not have a significant effect on pumping costs at present power rates.
It appears that reduced water-surface elevations would have an insigni-
ficant impact on water-system costs at Glendive, Miles City and Billings.

An exception would be the possible one-time cost which might be
incurred in the event that a reconstruction of the intake structure
would be required at Glendive. According to municipal treatment plant
personnel, during August, 1977 a 2 ft. (.6 m) reduction in the river
water-surface elevation at Glendive would have rendered this treatment
plant inoperative. Reconstruction may be necessary even if no future
development occurs.

The cost of municipal water for Billings, Miles City, and Glendive
will increase in the future, due primarily to increased water consumption
resulting from population growth and to probable increases in electricity
rates.

29



Table 12 shows the present rate of water use for each of the three
cities. It also shows consumption for each of the projected levels of
development. To derive the table, water use was calculated by multiplying
population projections for each of the three cities (for a discussion of
how the projections were derived, see Report No. 1 in this series) by an
assumed individual water-use rate of 200 gal (750 1) per person per day.

TABLE 12. Present use and projected use of water to meet demands at

Billings, Miles Ctty, and Glendive (mgd).

City



selected: Kinsey No. 7, Sidney No. 1, Sidney No. 2, and Sidney No. 3.

Information concerning the pumps, sump detail, water use, and power use

for these sites was easily accessible.

Cross sections of the river were surveyed, and a computer program

was used to calculate water-surface profile at each cross section.

While surveying the cross sections, the water-surface elevation at

each cross section was recorded and the flow in the river was calculated

for each water-surface elevation. These water-surface profiles and

discharge data were then used to calibarte the river stage versus discharge
relationships computed in the water-surface profile computer program.

A cost analysis was made for each irrigation-pumping diversion.

These analyses were successful because power costs for the pumps had

been recorded.

The efficiency of river-based irrigation-pumping plants is greatly
reduced during extremely low flows. When flows in the river decrease,

pumping costs increase. The range of increase in pumping cost for each

of the pump sites studied is shown in table 14.

TABLE 14. Percentage increase in irrigation pumping cost under natural

low-flow conditions at Sidney and Kinsey pumping stations.

PUMP SITE



maintained in the Yellowstone River. In some cases, diking has been

used to increase the head of water into the canals. This practice, if

used extensively along the river, would encourage rechannel ization.

Irrigators might have to resort to channelization and elaborate diversion

structures, or extensive reconstruction of canals and headgates if

streamflows fall below the historical norms for which the systems were

designed.
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In order to adequately and uniformly assess the potential effects of water
withdrawals on the many aspects of the present study, projections of specific
levels of future withdrawals were necessary. The methodology by which these

projections were done is explained in Report No. 1 in this series, in which

also the three projected levels of development, low, intermediate, and high, are
explained in more detail. Summarized below, these three future levels of

development were formulated for energy, irrigation, and municipal water use
for each of the nine subbasins identified in figure A-l.

ENERGY WATER USE

In 1975, over 22 million tons of coal (19 million metric tons) were mined
in the state, up from 14 million (13 million metric) in 1974, 11 million (10

million metric) in 1973, and 1 million (.9 million metric) in 1969. By 1980,

even if no new contracts are entered, Montana's annual coal production will

exceed 40 million tons (36 million metric tons). Coal reserves, estimated at

over 50 billion economically strippable tons (45 billion metric tons) (Montana

Energy Advisory Council 1976), pose no serious constraint to the levels of

development projected, which range from 186.7 (170.3 metric) to 462.8 (419.9

metric) million tons stripped in the basin annually by the year 2000.

Table A-l shows the amount of coal mined, total conversion production,

and associated consumption for six coal development activities expected to take

place in the basin by the year 2000. Table A-2 shows water consumption by sub-

basin for those six activities. Only the Bighorn, Mid-Yellowstone, Tongue, Powder,

and Lower Yellowstone subbasins would experience coal mining or associated

development in these projections.

IRRIGATION WATER USE

Lands in the basin which are now either fully or partially irrigated total

about 263,000 ha (650,000 acres) and consume annually about 1,850 hnw (1,5 mmaf)

of water. Irrigated agriculture in the Yellowstone Basin has been increasing

since 1971 (Montana DNRC 1975). Much of this expansion can be attributed to
the introduction of sprinkler irrigation systems.

After evaluating Yellowstone Basin land suitability for irrigation, con-
sidering soils, economic viability, and water availability (only the Yellowstone
River and its four main tributaries, Clarks Fork, Bighorn, Tongue, and Powder,
were considered as water sources), this study concluded that 95,900 ha (237,000
acres) in the basin are financially feasible for irrigation. These acres are

identified by county and subbasin in table A-3; table A-4 presents projections
of water depletion.

Three levels of development were projected. The lowest includes one-third,
the intermediate, two-thirds, and the highest, all of the feasibly irrigable
acreage.
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Figure A-l. The nine planning subbasins of the Yellowstone basin.

TABLE A-l. Increased water requirements for coal development in the Yellowstone
Basin in 2000.

Level of



TABLE A-2. The increase in water depletion for energy by the year 2000
by subbasin.

Subbasin

—
trtr.
—

Generation

INCREASE III DEPLETION (af/y)

Gasifi-
cation

Syn-

crude
Ferti-
lizer Export

Strip
Mining

LOW LEVEL OF DEVELOPMENT

Bighorn



TABLE A-3. Feasibly irrigable acreage by county and subbasin by 2000, high level
of development.



TABLE A-4. The increase in water depletion for irrigated agriculture by 2000
by subbasin.

Subbasin
Acreage
Increase

Increase in

Depletion (af/y)

linn LEVEL OF DEVELOPMENT

Upper Yellowstone



TABLE A-6. The increase in water depletion for consumptive use by 2000

by subbasin.

Subbasin Irrigation

Increase in Depletion (af/y)

Energy Municipal Total
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Figure B-3. Location of irrigation diversion near Huntley.
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DISCHARGES IN THE YELLOWSTONE RIVER AT SIDNEY AND
NEAR KINSEY FOR VARIOUS LEVELS OF DEVELOPMENT

TABLE C-l . Flow of the Yellowstone River near Kinsey for various
levels of development (cfs).
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TABLE D-l. Power used, gallons pumped, gallons pumped per kilowatt-hour and corresponding
river flow data, for the Billings municipal water supply plant (Monthly data).

Month/Year Total kwh Water Pumped Gallons per kwh Flow in River

(x 103 ) gal (x 106) (x 103) (x 10 3 af/mo)

1-71 49.1 361 7.35 189.2
2-71 41.3 311 7.53 226.4
3-71 47.5 334 7.03 195.3
4-71 40.5 352 8.69 284.3
5-71 64.5 560 8.68 905.5
6-71 102.8 716 6.96 2,224.0
7-71 142.0 970 6.83 1,312.0
8-71 149.2 987 6.62 468.7
9-71 54.7 428 7.82 397.4
10-71 53.8 362 6.73 349.6
11-71 44.3 339 7.65 269.5
12-71 51.7 392 7.58 200.9

3-72 46.9 353 7.53 300.8
4-72 41.0 437 10.66 235.3
5-72 47.7 474 9.94 723.7
6-72 109.3 793 7.26 1,964.0
7-72 106.1 800 7.55 884.0
8-72 99.9 809 3.10 486.3
9-72 55.4 527 9.51 398.3

10-72 51.5 372 7.22 391.3
11-72 45.6 342 7.50 284.9
12-72 39.0 360 9.23 200.8

49.1



TABLE D-l. Continued

Month/Year



TABLE D-3. Power used, gallons pumped, gallons pumped per kilowatt-hour, and corres-

ponding river-flow data, for the Miles City municipal water supply plant.

Total kwh

(x 103 )

Water Pumped
gal (x 10 6 )

Gallons per

(x 10 3 )

kwh Flow in River
(x 103 af/mo)

12/28/74



iABLE D-4. Level -of-development streamflow data, Yellowstone River at Miles City.



TABLE D-5. Continued

Month/Year
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